Objectives: Spinal cord ischemia after open surgical repair for rAAA is a rare event. We estimated the current incidence and tried to identify risk factors. We also report a new case. Methods: Group A consisted of 10 reports on open repair for rAAA from 1980 until 2009. Only series of !100 patients were considered to estimate the incidence. Thirty three case reports from 1956 until 2009 were identified (group B). Case reports from group B were not encountered in group A. Group B patients were stratified according to the type of neurological deficit as described by Gloviczki (type I complete infarction and type II infarction of the anterior two third). Results: Group A consisted of 1438 patients. In group A 86% were male with a mean age of 72.1 years. The incidence of post-operative paraplegia was 1.2% (range 0e2.8%). In-hospital mortality was 46.9%. Of the 33 patients of group B were 86% male with a mean age of 68.0 years. Most patients developed a type I (42%) or type II (33%) deficit. In-hospital mortality was 51.6%. No significant differences between different types were encountered. Conclusion: Spinal cord ischemia after ruptured AAA is a rare complication with an incidence of 1.2% (range 0e2.8%). ª
Gloviczki and colleagues reported an incidence of 1.4% in 210 rAAA patients. 3 They also proposed a classification of SCI (Table 1) .
Since 1991, there has been no publication on the incidence of SCI after open abdominal aortic aneurysm repair for rAAA in large-patient series. We tried to estimate the incidence of SCI by using a Medline search on rAAA patient series between 1980 and 2009 with sufficient data available on post-operative complications. Furthermore, we studied the literature on all case reports reporting on SCI after rAAA, and added a case report of our own institute of a patient who developed lumbosacral plexus ischemia (Gloviczki type IV) after open repair for rAAA. Both groups were scrutinised for details in trying to identify the risk factors for this severe complication.
Methods
Group A was created by a Medline search from 1980 until 2009, on studies in English reporting on series with open repair of rAAA. Search items were "rupture", "abdominal aortic aneurysm or AAA", "rAAA" and "open repair and AAA". Because the incidence is low, arbitrarily, only studies with series of 100 patients or more were taken into account. In addition, sufficient details on post-operative morbidity were required. Duplicated studies and studies reporting on suprarenal and/or thoraco-abdominal aneurysms or dissections were excluded. The remaining studies were used for determining the incidence of post-operative SCI. Patients entering the hospital with a rAAA, but who were turned down for surgery or died before operation, were excluded. Variables that were analysed were demographic parameters (age and sex), the presence of shock preoperatively (arbitrarily systolic pressure <90 mmHg), the need for suprarenal clamping, the total aortic crossclamping time, the type of reconstruction used (tube graft, aorto-biiliac or aorto-bifemoral prosthesis) and the inhospital mortality. Where a suprarenal clamp was used, the precise clamp times were often uncertain because the documentation of repositioning of the clamp below the renal arteries was poor. For this reason, aortic cross-clamp times were analysed only for patients undergoing infrarenal clamping.
Group B consisted of all case reports from 1956 until 2009 in English, on paraplegia and rAAA. Furthermore, if a case of rAAA and post-operative SCI was thoroughly described in case series, the case was included in group B. The present case, which will be briefly discussed below, was added. Reports were checked for cross-references. Case reports on suprarenal and/or thoraco-abdominal aneurysms, traumatic ruptures or dissection of the aorta, were excluded. If paraplegia was an initial manifestation of a rAAA, the case report was also excluded. None of the case reports from group B is also included in group A. Furthermore, none of the series, which thoroughly described a case with SCI that was included in group B was suitable for group A. Case reports were reviewed for parameters, which were identical to Group A. Other parameters were lumbar/ sacral artery ligation, hypogastric artery ligation, adjunctive measurements for SCI and outcome of SCI.
The case reports were classified according to the classification of Gloviczki et al. by the authors to identify the risk factors (Table 1 ). 3 Statistical analysis was performed using Statistical Product and Service Solution version 16.0 (SPSS for Windows Ò version 16.0). Chi-square, Fisher's exact and ManneWhitney-U tests were used as appropriate depending on the variables being discrete or continuous and on group size. A p-value of <0.05 was considered statistically significant.
Results
There were 10 articles, published in the period between 1980 and 2009, which fulfilled the criteria for group A. 4e13 Alonso-Perez et al. reported only on patients of !75 years of age. 6 In these 10 articles, 1438 patients were treated for rAAAs, with the exclusion of the report of Alonso-Perez, the mean age was 72.1 years (range 47e96) and 85.8% were male. pre-operative shock was present in 48.5% of the patients. Almost all patients were operated upon through midline laparotomy. Suprarenal clamping was performed in 44.0% of the patients. An aorto-bifemoral graft was used in (Table 4 ) and a further case occurring in our unit. 1,2,14e33 In 2007, a 72year-old male patient in pre-operative shock (systolic tension of 60 mmHg) was treated with a tube graft for an 8cm rAAA in our hospital. After anaesthesia was administered, the systolic tension dropped further to <20 mmHg and after a midline laparotomy the infrarenal aorta was clamped. Thereafter, the patient's systolic tension rose to >100 mmHg. The clamp was applied for 45 min and the medial sacral artery, as one of the hypogastric arteries, was ligated. The latter was ligated because of profound bleeding due to a clamp injury. The other hypogastric artery was patent. There was no back bleeding from the lumbar arteries. His post-operative course was complicated with (partial) lumbosacral plexus lesion defined as Gloviczki type IV, which became apparent after extubation on day 9. No adjunctive measurements were undertaken for SCI. At discharge, there were no neurological improvements to be noted.
Of the 33 patients, 28 patients were male (86%) with a mean age of 68.0 years (range 54e82). pre-operative haemodynamic shock was present in 24 (72.7%) patients. Suprarenal clamping was performed on 13 (38.2%) patients. Often, it was not clear in the articles if the clamp was replaced to the infrarenal aorta after gaining control. Mean total aortic cross-clamp time was 92 min (range 45e218 min). Aorto-bifemoral were used in 38%. In-hospital mortality rate was 51.6% (16 patients, Table 3 ). Two other patients died 3 and 9 months after discharge.
Of the 33 patients described, 14 (42%) patients were classified by the authors as having a type I neurological deficit according to Gloviczki. 3 In 11 (33%) patients, a type II lesion was present. Three (9%) patients had a type III lesion, two (6%) patients a type IV and one (3%) patient had a type V injury. In two case reports (6%), the data was insufficient to distinguish between the different types of lesions, as only "paraplegia" or "flaccid paraplegia" was described by the authors. 27, 33 A type VI injury was not encountered in this patient population. The delay in days from surgery before the diagnoses were made was 3.2 AE 5.2 days with a range of ½ day up to 21 days. Except for physical therapy only in three patients, extra adjunctive measurements were taken for SCI. One patient received extra steroids and in another patient, a lumbar puncture was performed. Both the patients survived and had neurological improvement. The other patient had cerebrospinal fluid (CSF) drainage, but this patient died without neurological improvement. Of the 12 surviving patients, seven (58%) patients showed some form of neurological improvement during the follow-up period. The improvements that were noted varied from gaining sensibility to complete neurologic recovery.
Statistical analysis showed no significant differences between type I and type II for gender, age, pre-operative shock, suprarenal clamping, prosthesis used, aortic clamping 33 32 Na Na Yes No UNK UNK Na Died, no neurological improvement c time or in-hospital mortality. Furthermore, no significant differences existed between the other types, separately or combined.
Discussion
The incidence of SCI after rAAAs is difficult to estimate. After a Medline search, we found an incidence of 1.2% with a range of 0e2.8%, which is comparable to the reported incidence of 1.4% by Gloviczki in 1991 and slightly lower than the 2.0% reported by Szilagyi et al. in 1978. 2,3 Large series on open repair for rAAA of recent data are scarce because of the current development of emergency endovascular treatment for rAAA. However, in these reports, SCI has also been reported up to 5%. 34 The incidence of SCI after elective repair for AAA is much lower. For both open and endovascular repairs, the incidence has been reported by Berg et al. They reported an incidence of 0.26% after open repair and 0.21% after endovascular aortic repair (EVAR). 35 Careful interpretation of these incidence figures is warranted since underreporting may be present because more than half of the patients with SCI do not survive (in-hospital mortality 51.6%). This could result in a shift of patients with SCI to the in-hospital mortality group before paraplegia could be identified.
There are many differences between emergency repairs and elective repairs. Therefore, it is almost impossible to link one characteristic, as, for example, age, to SCI. However, it is expected that the malfunction of the spinal cord is related to the blood supply or malperfusion to the spinal cord.
The spinal cord is fed by three spinal arteries, one anterior and two posterior. The anterior artery supplies the ventral 2/3 of the spinal cord and is fed by several segmental arteries originating from intercostal and lumbar arteries from the aorta. The largest segmental artery is also known as the artery of Adamkiewicz or arteria radicularis magna and originates most frequently as a branch of a left intercostal artery originating between T9 and T12. 36 Small arteries originating from the hypogastric arteries form a collateral circulation to the anterior sacral foramina and cauda equina. Furthermore, collaterals from the middle sacral artery connect with the collateral pathways that supply the distal spinal cord. 3 Late in the 20th century, several authors reported on SCI in relation with the interruption of one or both hypogastric arteries. 30e33 Related to this topic is the rather high incidence of aorto-bifemoral grafts used in group B. It is plausible that, more often, a hypogastric artery was occluded and, therefore, the aorto-bifemoral graft was used instead of a tube graft. The importance of the hypogastric circulation is also demonstrated by Mallick et al., who reported a patient with paraplegia after operation for a symptomatic 'non'ruptured AAA in whom both hypogastric arteries were occluded postoperatively. The paraplegia improved after reperfusion of one hypogastric artery with the aid of an extra-anatomic bypass. 37 Malperfusion to the spinal cord can be caused by preoperative haemodynamic shock. In group B, the incidence was rather high with 72.7%. This was also reported by Lynch et al., who stated that a blood pressure lower than 55 mmHg resulted in an increased risk for the development of SCI. 38 Malperfusion can also be caused by high aortic clamping (suprarenal clamping), prolonged aortic clamping, releasing the aortic clamp after finishing the anastomoses and massive blood loss during the procedure.
Group B patients were relatively young of age. Perhaps, collateral arteries to the spinal cord are not as well developed as in older patients in whom atherosclerotic disease will be more extensive.
Other risk factors have also been mentioned in the literature. These include massive embolisation during open surgical repair, ligation of lumbar and sacral arteries, 18 lumbar artery dissection 27 and the development of subintimal haematoma of the abdominal aortic wall extending proximally from the prosthesis causing dissection and occlusion of lower thoracic and upper lumbar arteries. 39 Massive embolisation would became apparent in the extremities of the patients. This, however, is not reported in these studies and seems less likely. The occlusion of thoracic, lumbar and sacral arteries could be an important risk-factor. The middle sacral artery and the hypogastric artery were sacrificed in the patient in our case report. It is possible that this contributed to the development of SCI.
The classification of Gloviczki 3 did not lead to new insights, but is useful when comparing the different reports on post-operative SCI. Most of the patients had type I or II SCI (75%). The other 25% was equally divided over the other types of SCI. Groups were too small to identify the risk factors per group.
This study has several weaknesses. First, group B consisted of case reports derived from 1954 until 2009. During this period, surgical techniques, anaesthesia and intensive care management have improved. Furthermore, the management of SCI has changed in time with cerebrospinal fluid (CSF) drainage and other adjuvant therapeutic strategies. In the current 33 case reports, only two patients had CSF drainage (one puncture). These factors may alter the results in the present time and are responsible for a heterogeneous study group, which does not allow detailed analysis. Second, both groups were gathered by Medline search strategies. Although we have tried to gather all the reports available, it could be possible that we have missed several. Furthermore, group A might be selective because only reports with enough data on morbidity were taken into account. The above-mentioned bias and the enormous differences in selection of patients for group A and B makes a comparison between both groups hazardous and has, therefore, been abandoned.
Conclusion
SCI, after rAAA, is a rare complication with an incidence of 1.2% (range 0e2.8%). Factors that could be related to this severe complication are younger age, pre-operative haemodynamic shock and the interruption of the hypogastric circulation.
